Introduction
Measurements of CP violation and branching ratios of rare decays of B and D mesons probe the flavour structure of the Standard Model (SM). These measurements can be significantly enhanced if new heavy particles from physics beyond the SM play a significant role in these decays. Precision measurements of CP violating observables in these decays can thus provide evidence for, or put limits on, contributions from physics beyond the SM. Studies of B and D meson decays at LHCb are shown in this document.
CP violation in the B system
Measurements of CP violating observables in B decays are shown in this section for final states containing 2, 3 and 4 particles.
Two-body decays: CP violation in B 0
s → K − π + and B 0 → K + π − decays The most straightforward effect of CP violation is the direct CP violation in the decay. This is the case of B 0 s → K − π + and B 0 → K + π − decays. Direct CP asymmetries arise when at least two amplitudes with different strong and weak phases contribute to the decay. Strong (weak) phases are phases that do not change (do change) sign under a CP transformation.
B 0 s → K − π + and B 0 → K + π − decays proceed through tree and penguin amplitudes, and the interference between them gives rise to a direct CP asymmetry sensitive to the CKM angle γ. The direct CP asymmetry A CP is defined as
similarly for B 0 → K + π − decays. LHCb has reported the first observation of CP violation in B 0 s decays using 1 f b −1 of data collected in 2011, with the result A CP (B 0 s → K − π + ) = 0.27 ± 0.04 (stat) ± 0.01 (syst), with significance exceeding 5 standard deviations.. The most precise mesurement of A CP (B 0 → K + π − ) was also performed, finding A CP (B 0 → K + π − ) = −0.080 ± 0.007 (stat) ± 0.003 (syst) [2] . The results of the fit to the two-body invariant mass of these decays is shown in figure 1 .
These measurements can be combined to provide a consistency check of the SM. The observable
is expected to vanish in the SM. Here, B represents the branching ratio, and τ d (τ s ) is the lifetime of the B 0 (B 0 s ) meson. With the LHCb results above, and the B 0 and B 0 s lifetimes taken from [3] , ∆ = −0.02 ± 0.05 (stat) ± 0.04 (syst) is found to be compatible with the SM.
Three-body decays: CP violation in
The effect of a CP asymmetry as a consequence of at least two interfering amplitudes with different strong and weak phases shows up in a clear way in B ± → h + h − h ± decays, where h and
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The results of an unbinned maximum likelihood fits to a mass model and its main components are overlaid.
h represent either a pion or a kaon. There are theoretical interpretation for phase space B ± → h + h − h ± decays. Final state interaction ocurring between two or more decay channels with the same flavour quantum numbers is a possible explanation. A Dalitz analysis of B ± to three-body decays can help to understand the interplay between the weak and strong interaction. Four different decay modes, and their respective CP conjugated modes, were analyzed by the LHCb experiment using 1 f b −1 of 2011 data:
. Three-body invariant mass distributions for B ± → π + π − π ± and B ± → K + K − π ± are shown in figure 2 . The results for the inclusive CP asymmetries are:
where the first error is statistical, the second systematic and the last one is due to the uncertainty on the branching ratio of the B + → J/ψK + decay used as a control channel to have under control the production and detection asymmetries. In addition to the inclusive asymmetries, CP asymmetries in the two-dimensional phase space of two-body invariant masses were also studied. For B ± → K ± π + π − , a positive asymmetry around the ρ(770) 0 and above the f 0 (980) resonances is identified. No asymmetry is present in the lowmass region of the K ± π ∓ invariant mass projection. For B ± → K ± K + K − , an asymmetry is concentrated at low values of the two-body invariant masses. This asymmetry is found to be not related to the φ (1020) resonance. For B ± → π ± K + K − and B ± → π ± π + π − decay modes, the positive asymmetries are at low π + π − masses and the negative at low K + K − masses, both not clearly associated to intermediate resonance states. Moreover, the absolute values for the inclusive asymmetries in B ± → K ± π + π − and B ± → K ± K + K − are found to be very similar. This apparent correlation, together with the inhomogeneous CP asymmetry distribution in the Dalitz plot, could be related to compound CP violation. In order to quantify a possible compound CP asymmetry, the introduction of new amplitude analysis techniques is necessary.
Measurement of the weak phase
The decay of a B 0 s meson into a J/ψh + h − final state, where h can be either a kaon or a pion is a combination of CP eigenstates. In the case of the B 0 s → J/ψK + K − , the final state is a combination of two CP-even and one CP-odd CP eigenstates, corresponding to three different polarization states. For B 0 s → J/ψπ + π − decays, the final state is a CP-odd eigenstate. The decay can be produced directly or via B 0 s −B 0 s oscillation (mixing). The interference between these two processes gives rise to a CP violating weak phase, φ s , that can be determined by using these decay modes. For B 0 s → J/ψh + h − decays, in the SM, neglecting sub-leading penguin contributions, φ s is predicted to be −2β s , with β s = arg(−V ts V * tb /V cs V * cb ) and V i j the elements of the CKM matrix [1] . The SM predicts 2β s = 0.0364 ± 0.0016 rad. This value can be significantly modified in the presence of New Physics contributions in the B 0 s −B 0 s mixing box diagram. To extract the weak phase φ s , a time-dependent analysis is needed. In the case of the B 0 s → J/ψK + K − , the K + K − pair comes from a (spin-1) φ (1020) meson, and as a consequence, an angular analysis is needed to separate the two CP-even and one CP-odd components (in addition a S-wave contribution is taken into account). In the case of B 0 s → J/ψπ + π − decays, the π + π − pair comes mainly from the f 0 (980) and f 0 (1370) spin-0 resonances, and no angular analysis is needed.
In figure 3 , the results of the time-dependent angular analysis to B 0
being the most precise measurement at the present [6] . The result is compatible with the SM so far, and put strong constraints on New Physics models. However, there is still place for New Physics. The precision in φ s by the end of the LHCb upgrade is expected to be about 0.008 rad.
Measurement of the φ s weak phase in penguin decays
The SM predicts a small CP violating weak phase φ s for loop mediated b → s transitions to LHCb has observed for the first time the two vector-vector B 0 s decays B 0 s → φK * 0 1 [7] , corresponding to a b → d transition, and B 0 s → K * 0K * 0 [8] , corresponding to a b → s transition. In addition to these discoveries, a first measurement of the CP violating weak phase φ s has been performed using B 0 s → φ φ decays [9] . The measurement of φ s using tree dominated decays, as the B 0 s → J/ψK + K − , has already been described above. In the case of B 0 s → φ φ decays, the SM predicts φ s to be close to zero. The limited amount of statistics does not allow to provide a value for φ s , and a confidence interval is given. The analysis of the full data set, including the additional 2 f b −1 collected in 2012 is on-going, and will provide a strong test of the SM, since a deviation of φ s from zero would be a signal of physics beyond the SM.
CP violation in the D system
Branching ratios and CP violating observables of rare decays in charm systems can be significantly enhanced if they recieve contributions from physics beyond the SM. The study of D 0 decays into a pair of charged hadrons are presented in the next sections. The right-sign (RS) decay D 0 → K − π + proceeds dominantly via a Cabibbo-favored (CF) process in which no D 0 −D 0 mixing occurs. The wrong-sign (WS) D 0 → K + π − decay proceeds through a double-Cabibbo-suppressed (DCS) amplitude and a process in which the D 0 first mixes and then decays via a CF process. In the limit of |x|, |y| << 1, and assuming negligible CP violation, the time-dependent ratio of WS-to-RS decay rates is given by
CP violation in
where t is the decay time, τ is the average D 0 lifetime, and R D is the ratio of suppressed-tofavored decay rates. The parameters x and y depend linearly on the mixing parameters as x ≡ x cos δ + y sin δ and y ≡ y cos δ − x sin δ , where δ is the strong-phase difference between the suppressed and favored amplitudes A (
Allowing for CP violation, the rates R + (t) and R − (t) of initially produced D 0 andD 0 mesons are functions of independent sets of mixing parameters (R 
are usually referred to as indirect CP violation and would result in differences between (x 2+ , y + ) and (x 2− , y − ).
In this analysis, D * + → D 0 π + s decays are used [10] . The charge of the soft momentum pion π ratios R ± (t), shown in figure 7 , are fitted using equation 3.1. Three hypotheses are tested: no CP violation, direct CP violation allowed, and both direct and indirect CP violation allowed. The results, using the full 3 f b −1 of data, in the case of CP conservation hypothesis are
which excludes the no mixing hypothesis at more than 10σ significance. The results in which CP violation is allowed give
7 ± 1.9)% and 0.75 < |q/p| < 1.25 and 0.67 < |q/p| < 1.25 at 68.5% and 95.5% confidence level, respectively, where the relations x ± = |q/p| ±1 (x cos φ ± y sin φ ) and y ± = |q/p| ±1 (y cos φ ∓ x sin φ ) were used. Confidence regions in the (x 2 , y ) plane are shown in figure 8 .
The observed parameters studying D 0 andD 0 decays separately show no evidence for CP violation. They provide the most stringent bounds on A D and |q/p| from a single experiment. formed through the observable
whereΓ andΓ are the inverse of the effective lifetimes in decays of D 0 andD 0 mesons into a CP eigenstate with eigenvalue η CP ; x and y are the mixing parameters, previously defined, and
where A f (Ā f ) is the amplitude for a D 0 (D 0 ) meson decaying into the given final CP eigenstate f . As in the previous section, the decay chain D * + → D 0 π + s is used to obtain the flavour of the D 0 candidate at production. Both the K + K − and π + π − final states are analyzed. The effective lifetime is obtained by performing an unbinned maximum likelihood fit to the decay-time distribution [11] , as shown in figure 9 .
The analysis of 1 f b −1 data collected in 2011 gives where the dominant systematic uncertainties arise from the knowledge of the acceptance correction and the modeling of the backgrounds. These results are compatible with no indirect CP violation.
Summary and conclusions
Measurements of CP violating observables in the B and D systems at LHCb have been presented. CP violation in the B 0 s system has been observed for the first time in B 0 s → K − π + decays. Direct CP violation in the phase space of the three-body decays of charged B mesons are also reported. The mixing induced weak phase φ s has been measured in tree dominated B 0 s → J/ψK + K − and penguin B 0 s → φ φ decays. In the D system, measurement of direct and indirect CP violation has been presented in D 0 → K ± π ∓ , D 0 → K + K − and D 0 → π + π − decays. Results of CP violation measurements in the D system are so far compatible with no CP violation. 
